Ubiquitous computing technologies provide exciting new opportunities for enhancing physical spaces to support the needs and activities of people within them. However, many aspects of the human characteristics of ubiquitous computing systems in built environments can only be explored in the context of the target environment (the texture of the environment is crucial to the success of the potential system). In evaluating these systems it is not only necessary to explore conventional properties of usability but it is also necessary to explore properties of the environment that contribute to the experience of its users. The displays, devices and sensors form an integrated whole contributing to the texture of the target environment.
enabling for example different degrees of fidelity for the prototypes, from simple desktop simulations, to fully immersive experiences in a CAVE environment.
With this in mind, we decided to study the design space of immersive prototyping based on 3D simulation, and provide a framework to guide the alignment between specific evaluation goals and particular prototype properties. This should provide a relevant contribution towards understanding the potential addedvalue of 3D simulation as a tool in the development of ubiquitous computing environments. So the key issue that we want to see is "what are the relevant dimensions that prototypes should exhibit to better support evaluation of the envisaged design?".
In order to establish relevant analysis dimensions for ubiquitous computing immersive prototyping, we performed a review of the research literature on the topic. More specifically, our review covered papers on evaluating user-interaction in 3D environments and specific evaluation for specific systems. The papers were analyzed in search of codes for two groups of characteristics of ubiquitous computing that we initially defined as:
1. Properties of the simulation; 2. Requirements for evaluation and evaluation objectives.
Open Coding [6] was used to analyze the contents of the papers. Each paper was read in order to identify phrases or paragraphs containing references to the two groups of characteristics of ubiquitous computing aforementioned. A code was assigned to each piece of text identified. At this stage, the goal was to generate as many codes as possible without much consideration of how they related with each other. The MAXQDA10 tool was used to aid the open coding process.
A total of 33 different codes were identified. Of these, 20 corresponded to the first group, while the other 13 were relative to the second group. The total of codes identified were 220. Then an affinity diagram was created to synthesize the gathered data (in our case codes). The goal here was to find the key dimensions, based on the natural relationships between codes. In a brainstorming session we grouped similar properties into logical groups. As we analyzed more codes, we discussed whether to place each of them in one of the existing groups, the possibility of creating more groups or of creating subgroups.
The paper presents the two groups of characteristics identified as a result of the work. The first relates to sets of dimensions of immersive prototyping ubiquitous systems, and includes topics such as Fidelity of immersion, Embody interaction support or Hybrid prototyping. The second addresses to the different perspectives to evaluate ubiquitous systems (from evaluation centered on the system and its functional qualities, to evaluation centered on the user's experience of the system), and the methods to gather the feedback about the user experience. A discussion on how the framework was applied to the development of a prototype used to aid the design of a concrete ubiquitous environment ends the paper.
